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Thyrlstor with a self-protection function for breakover turn-on-f allure. 



© A thyristor is comprised of a main thyristor region (21), a 
gate region (22) for causing the main thyristor region to be 
turned on in response to a gate signal, and an amplifying gate 
region (34) which is turned on to permit the main thyristor re- 
gion to be turned on when an overvoltage is supplied to the 
thyristor in the absence of gate signal at the gate portion. The 
amplifying gate region is provided in a region except an inter- 
mediate region between the gate portion and the end (37) of 
the main thyristor region facing the gate portion. A minority 
carrier lifetime in the amplifying gate region is longer than that 
of the main thyristor region and the gate portion. 
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Thyristor with a self -protection function 
for breakover turn -on failure 

The present invention relates to a thyristor with a 
self -protection function for breakover turn-on failure. 

The thyristor has four regions with different con- 
ductivity types alternately arranged , i.e. P, N, P and N 
regions. A gate electrode, for example , is provided in 
an intermediate region of one of the four regions. In 
the semiconductor device of this type, a current flows 
through a path between the anode and cathode electrodes 
of a main thyristor by a signal applied to the gate 
electrode. An amplifying gate is provided near the gate 
electrode so as to facilitate the turn-on of the main 
thyristor by the gate signal in a normal state. When 
the amplifying gate is turned on, the main thyristor is 
turned on by its load current. Thus, the auxiliary gate 
prevents the main thyristor from being destroyed when 
the gate electrode is being supplied with the gate sig- 
nal. When no gate signal is supplied, if an overvoltage 
in excess of a breakdown voltage of the thyristor is 
applied to the thyristor, the main thyristor is often 
turned on prior to the turn-on of the auxiliary 
thyristor. In such a case, the firing region of the 
thyristor, unlike the amplifying gate portion, is 
generally in the shape of a spot, and hence has a small 
region which cannot expand quickly. For this reason, 
the thyristor cannot withstand a rush current, which 
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region facing the gate portion. The lifetime of the 
minority carriers in the amplifying gate region is 
longer than that of the minority carriers in the main 
thyristor region and the gate portion. 
5 With such an arrangement , the reliability of the 

thyristor is remarkably improved. 

Other objects and features of the present invention 
will be apparent from the following description taken in 
conjunction with the accompanying drawings, in which: 
10 Fig. 1 shows a plan view of a first embodiment of a 

thyristor according to the present invention; 

Fig. 2 shows a cross sectional view taken on line 
II - II in Fig. 1; 

Fig. 3 shows a cross sectional view taken on line 
15 . . Ill - III in Fig. 1; 

Fig. 4 is a plan view, of a second embodiment of a 
thyristor according to the present invention; 

Fig. 5 shows a cross sectional view taken on line 
V - V in Fig. 4; 
20 Fig. 6 is a plan view of a third embodiment of the 

present invention; 

Fig. 7 shows a cross sectional view taken on line 
VII - VII in Fig. 6; 

Fig. 8 shows a plan view of a light activated 
25 thyristor which is a fourth embodiment of the present 
invention ; 

Fig. 9 shows a cross sectional view taken on line 
IX - IX of Fig. 8; 

Fig. 10 shows a plan view of a gate turn-off 
30 'thyristor according to the present invention; and 

Fig. 11 shows a cross sectional view taken on line 
XI - XI of Fig. 10. 

An embodiment of the present invention will be 
described referring to Figs. 1 to 3. An N type base 
35 layer 12 is formed on a P type emitter layer 10. A P 

type base layer 14 is formed on the N type base layer 12 
and an N type emitter layer 16 is formed on a portion of 
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under the auxiliary emitter layer 30, As will be 
described later, in regards to fabrication to increase 
the lifetime of the minority carriers in the portion 36, 
it is necessary to increase the lifetime of the minority 
5 carriers in the entire region of the second amplifying 
gate region 34. In this respect, the minority carrier 
lifetime of the semiconductor layer forming the second 
amplifying gate region 34 may be longer than the 
minority carrier lifetime of the other semiconductor 

10 layers. 

A principle of the operation of the second ampli- 
fying gate region in the present embodiment will now be 
described. When an overvoltage is supplied to the 
thyristor, the thyristor is generally turned on due to 

15 the avalanche breakdown. The avalanche breakdown 

voltage has a positive temperature characteristic, as 
described in "Temperature Dependence of Avalanche 
Multiplication on Semiconductors" by Crowell & Sze, 
Appl. Phys. Lett. 9,242, 1966, for example. Accordingly, 

20 the avalanche breakdown voltage decreases as the tem- 
perature becomes low. When the second amplifying gate 
region 34 is provided, as shown in Fig. 1, no current 
usually flows through this portion and the temperature 
rise in this portion is lower than the other semiconduc- 

25 tor layers. The minority carrier lifetime in this por- 
tion is selected to be larger than that in the remaining 
portions. Accordingly, the avalanche breakdown voltage 
of the second amplifying gate region 34 is low. If an 
overvoltage is applied between the anode electrode 18 

30 and the cathode electrode 20 when no gate signal is 

applied to the gate electrode 22, the second amplifying 
gate region 34 is first fired. Although the second 
amplifying gate region 34 is provided in the main 
thyristor region 21 t it is uniformly turned on because 

35 it has an amplifying gate structure. Then, it uniformly 

fires the main thyristor region 21. Thus, the thyristor 
is protected from being destroyed. 
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lifetime of the second amplifying gate region 34 larger 
than the other portions, the avalanche breakdown voltage 
is made lower than that of the other portions. When the 
thyristor is impressed with the overvoltage, the second 
amplifying gate region 34 is first turned on. 

A second embodiment of a thyristor according to the* 
present invention will be described referring to Figs. 4 
and 5. In the first embodiment , the gate electrode 22 
is located at the center of the thyristor. When the 
diameter of the thyristor is large , the gate electrode 
22 is normally provided on the peripheral portion of the 
thyristor, and the first and second amplifying gate 28 
and 34 are provided outside the main thyristor region 
21. In Fig. 4, the gate electrode 22 and the second 
amplifying gate region 34 are oppositely disposed with 
respect to the main thyristor region 21. The auxiliary 
electrode 26 of the first amplifying gate region 28 is 
disposed enclosing the main thyristor 21. The minority 
carrier lifetime of at least the N type base layer 36 
under the auxiliary emitter layer 30 of the second 
amplifying gate region 34 is longer than that of the 
other semiconductor layers. Accordingly, if an over- 
voltage is applied between the anode and cathode 
electrodes of the thyristor when no gate signal is 
applied to the thyristor, the second amplifying gate 
region 34 is turned on and then the main thyristor 
region 21 is turned on. This results in protection of 
the thyristor. The configuration of the remaining por- 
tions is the same as those of the first embodiment. 

Turning now to Figs. 6 and 7, there is shown a 
third embodiment of a thyristor according to the present 
invention. In the present embodiment, the auxiliary 
electrode 26 of the first amplifying gate region 28 is 
formed completely enclosing the main thyristor region 
21. The second amplifying gate region 34 is provided 
outside the auxiliary electrode 26. The auxiliary 
electrode 26 functions to enlarge the turn-on portion 
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of the main thyristor 21 caused when the gate electrode 
22 is supplied with a gate signal. The electrode 26 
functions also to expand the turn-on portion of the main 
thyristor 21 by the second amplifying gate region 34. 
5 This portion has a two-stage amplifying gate structure. 
The remaining configuration is the same as that of the 
second embod imen t . 

The location of the second amplifying gate region 
34 is not limited to that of the above-mentioned embod i- 

10 ment. It is satisfactory that the second amplifying 

gate region 34 is located in a region except an inter- 
mediate region between the end 37 of the main thyristor 
region and the gate electrode 22 (see Fig. 2). In other 
words , the necessity is that the second amplifying gate 

15 region 34 is provided in the interior of the main 
thyristor 21 or part of its periphery. 

Figs. 8 and 9 show a light activated thyristor 
which is turned on in response to trigger light 38 
incident on the light receiving section 40 r and is a 

20 fourth embodiment of the present invention. The dif- 
ference of this embodiment from the Fig. 1 embodiment is 
only the gate structure. 

Figs. 10 and 11 shows a fifth embodiment of the 
present invention in which the present invention is 

25 applied to a gate turn-off thyristor. In this case, a 
plurality of N type emitter layers 16 are formed in the 
surface of the P type base layer 14 in a dotted manner. 
A gate electrode 22 is disposed enclosing a plurality 
of N type emitter layers 16. In the gate turn-off 

30 thyristor , an amplifying gate region, as in the case of 
the first to third embodiments, is not frequently formed 
between the gate electrode 22 and the main thyristor 21. 
Accordingly, one amplifying gate region 34 is formed. 
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Claims: 

1. A thyristor with a self -protection function for 
a breakover turn-on failure comprising: a main thyristor 
region (21); and gate means (22, 40) for causing said 
main thyristor region to be turned on in response to a 
gate signal; characterized in that a first amplifying 
gate region (34) is provided in a region except an 
intermediate region between said gate means (22 r 40) and 
the end (37) of said main thyristor region facing said 
gate means, a minority carrier lifetime of said first 
amplifying gate region being longer than that of a 
region under said main thyristor region and said gate 
means so that when an overvoltage is applied to said 
thyristor in the absence of a gate signal at said gate 
means, said first amplifying gate region is first turned 
on to permit said main thyristor region to be turned on. 

2. A thyristor according to claim 1, characterized 
in that heavy metal is selectively diffused into a 
region other than said first amplifying gate region, so 
that a minority carrier lifetime of said region is 
shorter than that of said first amplifying gate region. 

3. A thyristor according to claim 1, characterized 
in that radiation is selectively directed onto a region 
outside first amplifying gate region, so that a minority 
carrier lifetime of said region outside said first 
amplifying gate region is shorter than that of said 
first amplifying gate region, 

4. A thyristor according to claim 1, characterized 
in that more radiation is directed onto a region outside 
said first amplifying gate region than onto said first 
amplifying gate region, so that a minority carrier life- 
time of said region outside said first amplifying gate 
region is shorter than that of said first amplifying 
gate region. 

5. A thyristor according to claim 1, characterized 
in that heavy metal is selectively diffused into a 
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region other than said first amplifying gate region and 
radiation is directed onto the entire surface/ so that a 
minority carrier lifetime of said region other than said 
first amplifying gate region is shorter than that of 
5 said first amplifying gate region. 

6. A thyristor according to claim 1, characterized*' 
in that heavy metal is selectively diffused into a 
region other than said first amplifying gate region and 
radiation is selectively directed onto said region, so 

10 that a minority carrier lifetime of said region other 
than said first amplifying gate region is shorter than 
that of said first amplifying gate region. 

7. A thyristor according to claim 1, characterized 
by further comprising a second amplifying gate region 

15 (28) adjacent to said gate means and being turned on in 
response to a gate signal applied to said gate means to 
permit said main thyristor region to be turned on. 

8. A thyristor according to claim 1, characterized 
in that said gate means is a gate electrode (22) for 

20 receiving an electrical gate signal. 

9. A thyristor according to claim 1, characterized 
in that said gate means is a photo sensitive portion 
(40) for receiving an optical gate signal (38). 
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FIG. 3 
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